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Description 

[0001 ] Known in the art are electrolysis or power gen- 
eration processes carried out in filter-press structures 
comprising an arrangement of electrochemical cells. 
The typical elementary electrochemical cell suitable for 
said processes usually has a reduced thickness in order 
to minimize the energy consumption. Typically the ele- 
mentary cell is delimited by two conductive plates en- 
closing a couple of peripheral sealing gaskets, an ion 
exchange membrane, a couple of electrodes and a cou- 
ple of current collectors/distributors. The plates and/or 
gaskets have holes connecting the anodic and cathodic 
compartments by means of distribution channels. A mul- 
tiplicity of elementary ceils is generally assembled in a 
filter-press arrangement to form an electrolyzer or elec- 
tric current generator. Therefore the electrolyzer or gen- 
erator is made of a series of bipolar plates, gaskets, 
membranes, electrodes and current collectors/distribu- 
tors. In particular the alignment of the holes in the plates 
and gaskets forms longitudinal ducts which are connect- 
ed to suitable nozzles positioned at one or both ends of 
the electrolyzer or generator. The reactants and the re- 
action products, in some cases mixed with the residual 
reactants, are fed or withdrawn through these nozzles 
and ducts. Distribution channels permit feeding the re- 
actants to each elementary cell and withdrawing the 
products and residual reactants therefrom. An assembly 
of elementary cells as above is described in the Euro- 
pean patent application No. EP 0629015 A1 by the 
same applicant. These assemblies, typically having a 
series electrical connection, are put out of operation 
even if only one of the elementary cells is malfunction- 
ing, that is to say if even only one of the electrodes (for 
example if the electrocatalytic activity is scarce) or only 
one of the collectors (for example due to increased elec- 
trical resistance caused by improper composition or me- 
chanical characteristics) do not properly work or if holes 
are present in the membrane. This last occurrence is 
particularly dangerous as it may lead to mixing of incom- 
patible reactants or products, as it is the case in electric 
current generators where a hole in a membrane causes 
mixing of oxygen and hydrogen with the consequent ig- 
nition of the mixture caused by the electrocatalytic ma- 
terial applied to the electrodes. Therefore the method 
for externally short-circuiting a malfunctioning cell, as 
described in the European patent application No. EP 
0629015 A1, solves only partially the problem as it al- 
lows the electric current to by-pass the malfunctioning 
cell but does not eliminate possible inconveniences con- 
nected with the mixing of the reactants and/or products 
in case of damages to the membrane. In fact, reactants 
and products are in any case present in the elementary 
cell containing the damaged membrane due to the con- 
nection between the cell and the longitudinal feed and 
withdrawal ducts through the distribution channels. As 
a consequence, a damaged membrane not only hinders 
operation of the electrolyzer or generator, as it happens 



when the electrodes or the current collectors/distribu- 
tors are defective, but also poses safety problems. In 
the case of damaged membranes, an efficient repairing 
method is not found in the prior art. Therefore, it would 

5 be necessary to disassemble the electrolyzer or gener- 
ator, or at least open the same in correspondence of the 
malfunctioning cell, to remove and replace the damaged 
membrane. This procedure is extremely delicate as fur- 
ther damages are often caused to elementary cells ini- 

10 tially free from defects. Further, from the operating point 
of view, this procedure is time consuming and therefore 
economically disadvantageous. 
[0002] It is an object of the present invention to over- 
come the drawbacks of the prior art by disclosing an ef- 

15 ficient method for repairing malfunctioning elementary 
cells which permits to restore the best operating condi- 
tions of an electrolyzer or electric current generator with- 
out any need for opening and replacing the damaged or 
defective parts. 

20 [0003] The invention will be now described making 
reference to the figures, wherein: 

Fig. 1 is an exploded cross-section view of a mem- 
brane electric current generator or electrolyzer 

25 Fig. 2 is an exploded cross-section view of a unitary 
cell of the generator or electrolyzer of fig. 1 
Fig. 3 is a cross section of assembled components 
of the unitary cell of fig. 3 
Fig. 4 is a front view of the gasket of fig. 3. 

30 Figs. 5, 6, 7 and 8 show different embodiments of 
fig. 3. 

Fig. 9 is a cross-section of the unitary cell of fig. 2 
Fig. 1 0 shows a detail of the gasket of fig. 5 
Fig. 1 1 show the two steps of the sealing procedure 
35 of the invention. 

[0004] Making reference to fig. 1 , the various compo- 
nents of the membrane electric current generator or 
electrolyzer are identified as follows: 

40 

(1) clamping grids, which, by means of hydraulic 
jacks or tie-rods (not shown in the figure) tighten to- 
gether the components under pressure 

(2) bipolar plates provided with external connec- 
ts tions (7) for short-circuiting or excluding malfunc- 
tioning cells 

(3) current collectors/distributors housed in gaskets 
(5) having a suitable profile or in a recess provided 
in the bipolar plates (2) 

so (4) catalytic electrodes 

(5) gaskets for the peripheral sealing 

(6) ion exchange membranes. 

[0005] Fig. 2 and 3 show respectively one elementary 
55 celloftheelectrolyzerorgeneratoroffig. 1 andthehous- 
ing of a current collector/distributor (3) and of a catalytic 
electrode (4) inside a first type of gasket (5). 
[0006] In fig. 3 reference numeral (8) identifies the 
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holes for feeding and withdrawing the reactants and the 
reaction products and reference numeral (9) identifies 
the distribution channels incorporated in the gasket 
body which connect holes (8) with the cavity (indenta- 
tion) formed in the gasket and occupied by the porous 
current collector/distributor (3) and by the electrode (4). 
Similar holes (not shown in the figures) are present in 
the bipolar plates (2). The arrangement of a multiplicity 
of gaskets and bipolar plates, with the consequent align- 
ment and coupling of the holes (8) of the gaskets and of 
the bipolar plates forms longitudinal channels crossing 
the whole assembly of the electrolyzer or generator of 
fig. 1 . These channels provide for the distribution of the 
reactants to all the elementary cells and for the with- 
drawal of the reaction products from the same. 
[0007] Different embodiments of the distribution 
channels are shown in fig. 5 and 6. In fig. 6 the distributor 
channels are incorporated in the bipolar plates (2) as an 
alternative to gaskets (5). In this case the distribution 
channels are identified by reference numeral (10) and 
the holes by reference numeral (11). Another embodi- 
ment of fig. 6 is shown in fig. 7 and in fig. 8. In fig. 8 the 
distribution channels are incorporated both in the bipolar 
plates (2) and in the gaskets (5). This is substantially a 
combination of the embodiments shown in figs. 3 and 5. 
The advantage offered by this embodiment is the higher 
flow section available for the distribution of the reactants 
and the withdrawal of the products, particularly useful in 
the case of large size electrolyzers or generators. 
[0008] As previously said, the bipolar plates (2) and 
the gaskets (5) of figs. 3, 4, 5, 6, 7 e 8 are assembled 
together with the current collectors/distributors (3), elec- 
trodes (4) and ion exchange membranes (6) to form the 
electric current generator or electrolyzer schematically 
shown in fig. 1 . When one of the elementary cells is mal- 
functioning, as a consequence of an erroneous assem- 
bling or defects in the components, its voltage remark- 
ably differs from the average value of the other cells. 
Therefore a periodical measurement of the electric volt- 
ages of the elementary cells during operation of the 
electrolyzer or generator permits to quickly detect 
anomalies. In this occurrence, that is when an elemen- 
tary cell is characterized by an anomalous voltage, the 
method of the present invention permits to keep the 
electrolyzer or generator operating under safe condi- 
tions without any need to open and disassemble the 
same. In fact, the method of the present invention com- 
prises perforating, by means of a suitable tool, for ex- 
ample an electric or manual boring machine having a 
drill of suitable diameter, the peripheral area of the ele- 
ments of the malfunctioning unitary cell wherein the dis- 
tribution channels are incorporated, such as the gaskets 
(see figs. 3 and 5) or the bipolar plates (see figs. 6 and 
7). Perforation is carried out without disassembling or 
opening the electrolyzer or generator. To ensure com- 
pletely safe conditions, before starting the perforation, 
the electrolyzer or generator must be temporarily shut 
down to remove the reactants contained inside by flush- 



ing with an inert fluid, such as nitrogen. The gaskets or 
bipolar plates to be perforated are those enclosing the 
pair of electrodes characterized by an anomalous elec- 
tric voltage. In fig. 9 the pair of electrodes (4), enclosed 
5 between the two bipolar plates (2) and the current dis- 
tributors/collectors (3), encloses the membrane (6) 
which is thought to be defective or damaged. The dis- 
tributor channels are incorporated in the gaskets (5), as 
illustrated in fig. 5. Fig. 9 dearly shows that the perfora- 
te tions (12) are made in correspondence of the holes (8) 
which are connected with the distribution channels (9). 
The complete exclusion of a malfunctioning cell requires 
at least two perforations, but preferably four, two for 
each gasket. In a particularly preferred embodiment of 
15 the present invention the peripheral area of the gaskets 
(5) contains blind aid-holes (13) aligned with the respec- 
tive distribution channels (9), as shown in fig. 10, which 
schematizes a detail of the gasket (5) of the type illus- 
trated in fig. 5. In this case the holes (13) have the func- 
tion of guiding the perforation drill so that once the pro- 
cedure is completed the perforation (12) makes the re- 
spective distribution channel perfectly accessible. After 
completing the perforation, the method of the invention 
comprises injecting, by means of a suitable tool, such 
as a syringe provided with a thin needle, a sealing agent 
inside the distribution channels (9) and then inside the 
perforations (12). The two steps of the sealing proce- 
dure are schematized in fig. 1 1 , illustrating a detail of the 
gasket of the type represented in fig. 5. Reference nu- 
merals (14) and (15) indicate respectively the occlu- 
sions of the distribution channels (9) and of the perfora- 
tions (12). Reference numeral (16) indicates the inject- 
ing tool. The sealing agent, once hardened, performs 
two distinct functions: the portion occluding the perfora- 
tions (12) ensures sealing against the environment to 
avoid gas emissions or fluid leakage even when the 
electrolyzer or generator operates under pressure, 
while the portion occluding the distribution channels (9) 
ensures for a perfect separation of the compartments 
containing the current collectors/distributors and the 
electrodes from the longitudinal ducts for feeding the re- 
actants and withdrawing the products. According to a 
less preferred embodiment of the invention, the number 
of perforations may be reduced and consequently only 
one compartment containing a current collector/distrib- 
utor and one electrode is sealed. In this case only one 
gasket and/or only one bipolar plate are perforated. Ob- 
viously this procedure permits to save time but the reli- 
ability is lower than that ensured by sealing both com- 
partments of the malfunctioning cell. 
[0009] Once perforation and sealing is completed, the 
bipolar plates (2) of the malfunctioning elementary cell 
are short-circuited by means of connections (7) (in fig. 
1 ), or the cell is excluded. The electrolyzer or generator 
may be then started up again under completely safe 
conditions. In fact, the short-circuiting or exclusion de- 
viates or hinders the electric current flow and therefore 
the cells, without any current flowing therethrough, gen- 
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Claims 

1. Method for excluding a malfunctioning elementary 
cell of a membrane electrolyzer or a membrane 

5 electrochemical electric current generator compris- 
ing a multiplicity of elementary cells assembled in a 
filter-press arrangement, said multiplicity of cells 
comprising a series of bipolar plates (2), gaskets 
(5), electrodes (4), membranes (6), said gaskets 
10 and/or bipolar plates incorporating distribution 
channels (9, 10), suitable for connecting said ele- 
mentary cell to longitudinal ducts for feeding reac- 
tants and withdrawing products in the electrodic 
compartment of each cell, characterized in that it 
15 comprises 

making perforations (12) on the peripheral areas of 
said gaskets (5) and/or bipolar plates (2) of said el- 
ementary ceil containing a malfunctioning mem- 
brane providing an access to said distribution chan- 
ge nels(9, 10), 

injecting a sealing means through said perforations 
(12) which, upon hardening, forms occlusions (14, 
15) in the distribution channels (9, 10) and in the 
perforations (12) respectively. 

25 

2. The method of claim 1 characterized in that said 
peripheral areas of the gaskets (5) and/or bipolar 
plates (2) of said malfunctioning elementary cell are 
provided with blind aid-holes (13). 

30 

3. The method of one of claims 1 or 2 characterized 
in that said sealing means is an epoxy bi-compo- 
nent or a silicon based material. 



erate no products. Further, as already said, the products 
and reactants contained in the longitudinal ducts cannot 
penetrate in the compartments of the malfunctioning 
cell. As a consequence, there is no risk of any danger- 
ous mixing of reactants and products occurring through 
a defective membrane. As regards the type of sealing 
agent to be used, the following selection criteria must 
be taken into account: 

• absence of volatile components capable of being 
adsorbed by the catalytic surface of the electrodes 
with consequent poisoning of the catalyst. 

• Stability when in contact with the reactants and 
products circulating inside the electrolyzer or gen- 
erator. 

• Hardening at ambient temperature or at a temper- 
ature compatible with the integrity of the various 
components of the electrolyzer or generator. 

• Sealing properties, which also depend on the com- 
patibility of the chemical composition of the gaskets 
and/or bipolar plates and that of the sealing agent 
itself. 

[001 0] Using the materials described in the European 
patent publication No. 062901 5A1 , that is a thermoplas- 
tic material such as Hytrel® commercialized by Du Pont 
for the gaskets, and aluminum alloy for the bipolar 
plates, it has been found that the preferred sealing 
agents are epoxy-based bi-components or silicon- 
based materials with a low content of acetic acid, both 
easily available on the market. 
[001 1 ] It is understood that the invention is not limited 
to these types of sealing agents as certainly many other 
types could be used provided that they comply with the 
general criteria illustrated above. 
[0012] The present invention has been described in 
detail in connection with electrolyzers or current gener- 
ators wherein the distribution channels are incorporated 
in the gaskets, according to the embodiment illustrated 
in fig. 5. 

[0013] It is evident that the invention applies also to 
electrolyzers or generators where the distribution chan- 
nels are provided in the gaskets as illustrated in fig. 3 or 
in the bipolar plates as illustrated in figs. 6 and 7 or con- 
currently in the gaskets and bipolar plates as illustrated 
in fig 8. In all of these cases the procedure is exactly the 
same as described in connection with the embodiment 
of fig. 5. The perforation procedure is the same, likewise 
useful are the blind aid-holes and the sealing is carried 
out in the same way. 

[001 4] Without departing from the scope of this inven- 
tion, one with ordinary skill can make various changes 
and modifications to this invention to adapt it to the var- 
ious uses and conditions. As such, these changes and 
modifications are properly, equitably and intended to be 
within the full scope of the following claims. 



35 4. The method of one of claims 1 to 3 characterized 
in that said perforations (12) are made on the gas- 
kets (5) only. 

5. The method of one of claims 1 to 3 characterized 
40 in that said perforations (1 2) are made on the bipo- 
lar plates (2) only. 

6. The method of one of claims 1 to 3 characterized 
in that said perforations (12) are made both on the 

45 bipolar plates (2) and on the gaskets (5). 



7. The method of one of claims 1 to 3 characterized 
in that said perforations (12) are made on both bi- 
polar plates (2) and/or both gaskets (5). 

50 

8. The method of one of claims 1 to 3 characterized 
in that said perforations (1 2) are made on only one 
of the bipolar plates (2) and/or only one of the gas- 
kets (5) of said malfunctioning elementary cell. 

55 

9. The method of one of claims 1 to 8 characterized 
in that said membrane (6) is an ion exchange mem- 
brane. 
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10. The method of one of claims 1 to 8 characterized 
in that said membrane (6) is a separator suitable 
for avoiding mixing of the reactants contained in the 
electrodic compartments. 



Patentanspriiche 

1. Verfahren zum AusschlieBen einer Elementarzelle 
eines Membranelektrolyseurs oder eines mit Mem- 
branen arbeitenden elektrochemischen Stromer- 
zeugers, welcher zahlreiche in einer Filterpressen- 
anordnung montierte Elementarzelien umfasst, wo- 
bei die zahlreichen Zellen eine Serie von Bipolar- 
platten (2), Dichtungen (5), Elektroden (4), Mem- 
branen (6) umfassen und die Dichtungen und/oder 
die Bipolarplatten Verteilerkanale (9, 10) aufwei- 
sen, die zur Verbindung der Elementarzelle mit 
langsverlaufenden Leitungen zurZufuhrvon Reak- 
tionspartnern in die und zum Abzug von Produkten 
aus der Elektrodenkammer jeder Zelle dienen, da- 
durch gekennzeichnet, dass man 
Perforationen (12) in die Umfangsbereiche der 
Dichtungen (5) und/oder der Bipolarplatten (2) der 
eine funktionsgestorte Membran enthaltenden Ele- 
mentarzelle einbringt, urn Zugang zu den Verteiler- 
kanalen (9, 10) zu erhalten 

und man ein Dichtungsmittel durch die Perforatio- 
nen (12) einspritzt, das nach Erharten Verschlusse 
(14, 15) in den Verteilerkanalen (9, 10) beziehungs- 
weise in den Perforationen (12) bildet. 

2. Verfahren gemaB Anspruch 1 , dadurch gekenn- 
zeichnet, dass die Randbereiche der Dichtungen 
(5) und/oder der Bipolarplatten (2) der funktionsge- 
storten Elementarzelle mit blinden Hilfsbohrungen 
(13) versehen sind. 

3. Verfahren gemaB einem der Anspruche 1 Oder 2, 
dadurch gekennzeichnet, dass das Dichtungs- 
mittel ein zweikomponentiges Epoxydmaterial oder 
ein Material auf Silikonbasis ist. 

4. Verfahren gemaB einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass die Perforationen 
(12) nur in die Dichtungen (5) eingebracht werden. 

5. Verfahren gemaB einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass die Perforationen 
(12) nur in die Bipolarplatten (2) eingebracht wer- 
den. 

6. Verfahren gemaB einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass die Perforationen 
(12) sowohl in die Bipolarplatten (2) als auch in die 
Dichtungen (5) eingebracht werden. 

7. Verfahren gemaB einem der Anspruche 1 bis 3, da- 



durch gekennzeichnet, dass die Perforationen 
(12) in beide Bipolarplatten (2) und/oder in beide 
Dichtungen (5) eingebracht werden. 

5 8. Verfahren gemaB einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass die Perforationen 
(12) nur in eine der Bipolarplatten (2) und/oder nur 
in eine der Dichtungen (5) der funktionsgestorten 
Elementarzelle eingebracht werden. 

10 

9. Verfahren gemaB einem der Anspruche 1 bis 8, da- 
durch gekennzeichnet, dass die Membran (6) ei- 
ne lonenaustauschmembran ist. 

15 10. Verfahren gemaB einem der Anspruche 1 bis 8, da- 
durch gekennzeichnet, dass die Membran (6) ein 
Separator ist, der dazu dient, eine Vermischung von 
in den Anodenkammern enthaltenen Reaktions- 
partnern zu verhindern. 

20 

Revendications 

1. Methode pour exclure une cellule elementaire de- 
25 f ec t U euse d'un electrolyseur a membrane ou d'un 
generateur electrochimique a membrane de cou- 
rant electrique comprenant une multiplicite de cel- 
lules elementaires assemblies dans un arrange- 
ment filtre-presse, ladite multiplicite de cellules 
30 comprenant une serie de plaques bipolaires (2), 
joints (5), electrodes (4), membranes (6), lesdits 
joints et/ou plaques bipolaires incorporant des ca- 
naux de distribution (9, 10), aptes a connecter les- 
dites cellules elementaires a des conduits longitu- 
35 dinaux pour alimenter les reactifs et eloigner les 
produits dans le compartiment electrodique de cha- 
que cellule, caracterisee par le fait qu'elle com- 
prend 

faire des perforations (12) sur les zones peripheri- 
40 ques desdits joints (5) et/ou plaques bipolaires (2) 
de ladite cellule elementaire qui comprend une 
membrane defectueuse en pourvoyant un acces 
auxdits canaux de distribution (9, 10), 
injecter un moyen d'etancheite a travers lesdites 
45 perforations (12) qui, apres durcissement, forment 
des occlusions (1 4, 1 5) respectivement dans les ca- 
naux de distributions (9, 1 0) et dans les perforations 
(12). 

so 2. La methode de la revendication 1 caracterisee par 
le fait que lesdites zones peripheriques des joints 
(5) et/ou des plaques bipolaires (2) de ladite cellule 
elementaire defectueuse sont pourvues de trous 
borgnes de guidage (13). 

55 

3. La methode d'une des revendications 1 ou 2 carac- 
terisee par le fait que ledit moyen d'etancheite est 
du type epoxydique bicomposant ou un materiau a 
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base de silicium 

4. La methode d'une des revendications 1 a 3 carac- 
terisee par le fait que lesdites perforations (1 2) ne 
sont faites que sur les joints (5). 5 

5. La methode d'une des revendications 1 a 3 carac- 
terisee par le fait que lesdites perforations (1 2) ne 
sont faites que sur les plaques bipolaires (5). 

10 

6. La methode d'une des revendications 1 a 3 carac- 
terisee par le fait que lesdites perforations (12) 
sont faites sur les plaques bipolaires (2) et sur les 
joints (5). 

15 

7. La methode d'une des revendications 1 a 3 carac- 
terisee par le fait que lesdites perforations (12) 
sont faites sur les deux plaques bipolaires et/ou les 
deux joints (5). 

20 

8. La methode d'une des revendications 1 a 3 carac- 
terisee par le fait que lesdites perforations (12) 
sont faites seulement sur une des plaques bipolai- 
res (2) et/ou seulement un des joints (5) de ladite 
cellule elementaire defectueuse. 25 

9. La methode d'une des revendications 1 a 8 carac- 
terisee par le fait que ladite membrane (6) est une 
membrane echangeuse d'ions. 

30 

10. La methode d'une des revendications 1 a 8 carac- 
terisee par le fait que ladite membrane (6) est un 
separateur apte a eviter le melange des reactifs 
contenus dans les compartiments electrodiques. 

35 
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FIG. 2 



8 



EP 0 834 947 B1 




FIG. 3 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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